Abstract The purpose of this study was to assess the effects of prolonged breast-and bottle-feeding on the growing primary dentition. This longitudinal study was conducted through a survey questionnaire and clinical examination of 592 children from 18 months to 36 months of age. Selected occlusal characteristics were compared among groups of children with different durations of breast-or bottle-feeding. The prevalence of breast-feeding at 18 months, 24 months and 36 months of age was 9.3%, 3.2% and 0.2% respectively. Prevalence of bottle-feeding was 14.4%, 2.9% and 0.7% respectively. Deepbite showed tendencies towards increasing prevalence with increased bottle-feeding duration. One third of the children who continued bottle-feeding at 24 months of age exhibited deepbite. Anterior crossbite were significantly more prevalent among those with continued breast-feeding at 18 months but ceased by 24 months (28.0%) than for that in the habit-free group (11.7%). However, anterior crossbite showed tendencies towards decreasing prevalence with increased breast-feeding duration. The prevalence of anterior crossbite was 6.7% in the children who continued breast-feeding at 24 months of age. However, the study suggests that spontaneous change in the occlusion following feeding discontinuation, although longer-term longitudinal studies are needed to demonstrate such changes directly.
bottle. Davis et al. 4) also demonstrated an association between exclusive bottle-feeding and malocclusion in the anteroposterior plane. However, there are a number of conflicting opinions regarding the effects of the feeding method on the developing occlusion. Several studies [5] [6] [7] [8] found no significant association between feeding methods and arch growth and no difference in the frequency of malocclusion. It is clear that the influence of feeding method on occlusion is controversial. While in many previous studies, analysis was done to investigate the influence of feeding method without eliminating the confounding variables, such as non-nutritive sucking habit. It is well known that finger-or pacifier-sucking habit can affect the developing primary dentition [9] [10] [11] [12] [13] . The purpose of the present study was to investigate the effects of infant feeding patterns on the occlusal characteristics in the primary dentition using a study design that collected feeding data and
Introduction
It has been suggested that the method of feeding in infancy influenced the development of occlusion. Labbock et al. 1) found that increased duration of breast-feeding was associated with a decline in the proportion of children needing later orthodontic treatment. On the other hand, Straub 2) proposed that many rubber nipples allowed formula to flow rapidly, causing the infant to push his tongue forward to block the flow of milk while swallowing, to prevent choking. Thus, Straub 2) hypothesized that bottle-feeding predisposes abnormal swallowing and poor oral development. Meyers et al. 3) found an increasing prevalence of need for orthodontic treatment with increasing degree of exposure to the
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Materials and Methods
This study was designed as a prospective study starting with children at 18 months of age. Cohort children were born from September 1998 to February 1999 and visited a public health center in "K" city, Tokyo for regular dental examinations. We examined 922 children at 18 months, 742 children at 24 months and 910 children at 36 months of age. Of the 1,120 children examined, 592 (52.9%) were followed longitudinally. All children were Japanese, in good general health, had age-appropriate cognitive development and had no history of orthodontic treatment.
Parents were asked to give consent to the study and fill out questionnaires at every dental examination. The questionnaire completed by parents included questions about feeding methods and duration of the child.
Examinations were conducted by one of the authors (T.Y.) as possible using a dental chair and examination light. In each case, the examiner was blind to the child questionnaire data. The examination of different occlusal characteristics and anomalies was assessed in centric occlusion, as follows: 1. Degree of overbite, recorded as Ͻ75%, or м75% overlap of the incisor clinical crown. In this study, an overbite of greater than 75% was considered deepbite. 2. Anterior openbite was recorded when there was no vertical overlapping of the incisors. 3. Overjet was determined by the distance between the lingual surface of a primary upper central incisor and the labial surface of its corresponding lower central incisor while in full occlusion. In this study, an overjet of greater than 4 mm was considered excessive overjet. 4. Anterior crossbite was diagnosed when one or more of upper incisors occluded lingually with lower incisors. 5. Posterior crossbite was recorded as unilateral or bilateral. Unilateral posterior crossbite were diagnosed as reverse buccal overjet on one side of the dentition. Bilateral posterior crossbite was diagnosed as reverse buccal overjet in both posterior segments.
Children with non-nutritive sucking habits (finger or pacifier) were eliminated prior to evaluating the association between methods of infant feeding and the occlusion. Differences in these occlusal characteristics at 36 months of age were assessed between the prolonged breast-and bottle-feeding patterns and habit-free groups using chi-square or Fisher's exact test. Comparisons were made between groups based on levels of duration of nutritive feeding exposures. Specifically, children were placed into 5 groups based on the presence of nutritive feeding patterns at 18 months, 24 months and 36 months of age. These five groups were: 1) Habit-free during the observation period or nutritive feeding ceased prior to 18 months; 2) breast-feeding continued at 18 months but ceased by 24 months; 3) bottle-feeding continued at 18 months but ceased by 24 months; 4) breast-feeding continued to 24 months but ceased by 36 months; 5) bottle-feeding continued to 24 months but ceased by 36 months.
The value of PϽ0.05 was regarded as significant. Table 1 shows a summary of the distribution of prolonged feedings by age. Eighty-five children (14.4%) continued bottle-feeding and 55 children (9.3%) continued breast-feeding at 18 months of age. While children who continued bottle-or breastfeeding significantly decreased and the prevalence of these feedings at 24 months of age were 2.9% Table 2 , the prevalence of excessive overbite was 16.5% in the habit-free group. This characteristics showed tendencies towards increasing prevalence with increased bottle-feeding duration. One third of the children who continued bottle-feeding at 24 months of age exhibited excessive overbite. However, there was no significant difference with habit free children. Anterior crossbite were significantly more prevalent (Ͻ.05) among those with continued breast-feeding at 18 months but ceased by 24 months (28.0%) than for that in the habit-free group (11.7%). However, anterior crossbite showed tendencies towards decreasing prevalence with increased breast-feeding duration. The prevalence of anterior crossbite was 6.7% in the children who continued breast-feeding at 24 months but ceased by 36 months of age.
Results

Discussion
Current preventive procedures emphasize early recognition and treatment of malocclusion. It would be very helpful, therefore, to have specific information regarding the disharmonies of the primary dentition. Thus, knowledge about the etiology of malocclusion is essential for the success of the preventive and interceptive orthodontic treatment because the correction first requires the elimination of these causes.
There are several theoretical mechanisms by which bottle-feeding might contribute to the development of malocclusion: (1) a direct tropic effect to altered sucking mechanics on the growing facial bones of the infant, (2) an increased tendency toward abnormal swallowing pattern, and (3) an increased prevalence of non-nutritive (finger or pacifier) sucking. In this study, excessive overbite showed tendencies towards increasing prevalence with increased bottle-feeding duration, although the association was not statistically significant. Charchut et al. 14) also found that children without non-nutritive sucking habits who were predominantly bottle-fed at 0 to 6 months of age were 3.3 times more likely to have a deep bite. On the other hand, anterior crossbite were significantly more prevalent (Ͻ.05) among those with continued breast-feeding at 18 months but ceased by 24 months (28.0%) than for that in the habit-free group (11.7%). Breast-feeding allows for proper development of the muscles involved: the orbicularis oris, masseter, buccinator, pharyngeal constrictors, and posterior digastric 15, 16) . Thus increased development of muscle might temporary tend to increase the development of mandible. Conversely, less muscle activity is necessary to extract milk from bottle, resulting in decreased development of such muscles 2, 16) . Thus, the lack of muscular activity required for bottle-feeding may contribute to poor mandibular development.
Another interest was association between method of infant feeding and the development of nonnutritive sucking habits. Generally, it was agreed upon that finger or pacifier sucking habits harm to occlusal development [9] [10] [11] [12] [13] . In this study, children with non-nutritive sucking habits (finger or pacifier) were eliminated prior to evaluating the association between methods of infant feeding and the occlusion. However, many previous studies 12, 14, 17, 18) reported that the prevalence of non-nutritive sucking habits was significantly higher among bottle-feeding children. We conclude that bottle-feeding seems to influence the development of a deepbite, and seems increased the likelihood that a child would have non-nutritive sucking habits, thus increasing the chance of development of openbite or excessive overjet.
The findings from this study must be considered preliminary because of a relatively small sample size. However, the present study was unique in that feeding patterns were obtained at regular intervals rather than relying on retrospective gathering of these data. Thus, these data would be expected to more accurately characterize feeding durations than previous studies. However, a further study with a larger sample size and more varied feeding duration is warranted. In addition, the study suggests that spontaneous change in the occlusion following feeding discontinuation, although longerterm longitudinal studies are needed to demonstrate such changes directly.
